Background/Aims: Real-world data about the treatment outcomes of patients receiving rituximab-containing immunochemotherapy followed by rituximab maintenance are required to understand better the treatment for follicular lymphoma (FL). Methods: A cross-sectional study analyzed FL patients who were treated with R-CVP (rituximab, cyclophosphamide, vincristine, and prednisone) or R-CHOP (rituximab, cyclophosphamide, doxorubicin, vincristine, and prednisone) and rituximab maintenance. Results: Of 139 patients, 85 patients received R-CVP and 54 received R-CHOP. The characteristics did not differ significantly between the groups. Only grade 3 of FL was more common in R-CHOP. The complete response rate did not differ significantly between R-CHOP (50/54, 92.6%) and R-CVP (77/85, 90.6%). The number of disease relapses during rituximab maintenance did not differ significantly between the groups (p = 0.798). Therefore, the comparison of progression-free survival (PFS) showed no significant difference: the 3-year PFS rates for R-CVP and R-CHOP were 77% and 85%, respectively (p = 0.567). Although five of 56 hepatitis B virus (HBV) core antibody (anti-HBc)-positive patients experienced HBV reactivation, all cases of HBV reactivation were identified during regular monitoring for HBV DNA in blood, and were successfully managed with antiviral treatment. Conclusions: The survival outcomes of FL patients on rituximab maintenance after responding to R-CVP or R-CHOP were similar. Rituximab-containing immunochemotherapy followed by rituximab maintenance can be safely used for anti-HBc-positive patients if HBV DNA titer in blood can be regularly monitored.
INTRODUCTION
Follicular lymphoma (FL) is one of the most common subtypes of non-Hodgkin lymphoma (NHL), and its incidence is higher in Western countries than in Asian countries [1, 2] . In Korea, FL accounts for 5% of B-cell NHL, and has clinical characteristics comparable to those seen in Western countries [3, 4] . The treatment outcomes of FL patients have markedly improved since the introduction of rituximab, an anti-CD20 monoclonal antibody [5] . Thus, for patients with advanced-stage FL and high tumor burden, rituximab-containing im-www.kjim.org https://doi.org/10.3904/kjim. 2018.196 munochemotherapy is considered the standard of care [6] . However, it is still not clear which immunochemotherapy regimen is the best for FL with a high tumor burden. Thus, some physicians prefer to use R-CVP (rituximab, cyclophosphamide, vincristine, and prednisone) for patients with grades 1 to 3a whereas others prefer R-CHOP (rituximab, cyclophosphamide, doxorubicin, vincristine, and prednisone) for patients regardless of histologic grade. Recently, the long-term results of the FOLL05 study showed that patients initially treated with R-CVP had a higher risk of lymphoma progression compared with those receiving R-CHOP [7] . However, the study failed to show better overall survival (OS) after R-CHOP compared with R-CVP. Maintenance therapy with rituximab is similarly debated because it was reported to prolong progression-free survival (PFS) but not OS [8] . Thus, the use of rituximab maintenance as a standard treatment for FL could be controversial, given its high cost and related toxicity. In addition, hepatitis B virus (HBV) reactivation is frequent in lymphoma patients who are treated with rituximab-containing immunochemotherapy [9, 10] . Rituximab definitely has a risk of HBV reactivation in patients positive for hepatitis B surface antigen (HBsAg) [11, 12] . However, rituximab may also induce HBV reactivation in HBsAg-negative but HBV core antibody (anti-HBc)-positive patients, because the presence of anti-HBc antibody reflects prior exposure to HBV including occult HBV infection [13, 14] . Thus, R-CVP and R-CHOP treatment have been found to significantly increase the incidence of HBV reactivation in anti-HBc-positive patients [15, 16] . However, there are few studies on the impact of rituximab maintenance on HBV reactivation in HBsAg-negative and anti-HBc-positive patients with FL.
Although previous studies have compared the outcomes of rituximab-containing immunochemotherapy and rituximab maintenance, most data were from clinical trials [6, 17] . Thus, real-world data reflecting the clinical aspects of FL patients treated with rituximab-containing immunochemotherapy followed by rituximab maintenance might be helpful to understand this treatment approach better. However, such data are limited [18] . Therefore, we performed a study comparing FL patients who were treated with R-CVP or R-CHOP and rituximab maintenance therapy in clinical practice.
METHODS

Patients
This was a cross-sectional study analyzing FL patients who were treated with R-CVP or R-CHOP and rituximab maintenance. The study participants met the following criteria. First, they had completed the planned number of cycles of R-CVP or R-CHOP after diagnosis. Any patient whose disease progressed during R-CVP or R-CHOP was excluded from the analysis. Second, patients had received at least one cycle of rituximab maintenance therapy after their complete or partial response to R-CVP or R-CHOP was confirmed. Thus, at the time of analysis, patients could have completed the planned 12 cycles of rituximab maintenance or could be undergoing maintenance therapy at the time of analysis. The chemotherapy schedules for R-CVP and R-CHOP are as follows and days 1 to 5, prednisone 100 mg PO). The interim response evaluation was performed after the completion of the third cycle of R-CVP or R-CHOP chemotherapy, and the final response was evaluated after the patients' last cycle of chemotherapy, usually the sixth cycle. Only patients who achieved a complete or partial response to R-CVP or R-CHOP underwent rituximab maintenance. Rituximab (375 mg/m 2 IV injection per cycle) treatment was repeated every 2 months for 2 years (maximum 12 cycles). A surveillance computed tomography (CT) scan was regularly performed every three to four cycles of rituximab maintenance to check for disease relapse. If a patient showed symptoms or signs suspicious of disease relapse, the CT scan was performed earlier than the planned schedule.
HBV evaluation and monitoring
Given the risk of rituximab-induced HBV reactivation, serologic markers for HBV status including HBsAg, hepatitis B surface antibody (anti-HBs), and anti-HBc antibody were evaluated in all patients at diagnosis before initiating rituximab-containing chemotherapy. Serum HBsAg, anti-HBc, and anti-HBs were measured
The Korean Journal of Internal Medicine Vol. 35, No. 1, January 2020 according to the manufacturer's instructions, and serum HBV DNA level was measured using the COBAS TaqMan HBV quantitative test (Roche Molecular Systems Inc., Branchburg, NJ, USA). The lower limit of detection for HBV DNA was 9 IU/mL. Patients who were positive for HBsAg received continuous antiviral prophylaxis with entecavir or tenofovir from the commencement of the R-CVP or R-CHOP induction chemotherapy. In patients who were positive for immunoglobulin G anti-HBc antibody, we measured the level of HBV DNA in blood to confirm the absence of HBV before commencing rituximab-containing chemotherapy. Liver function tests (LFTs) including liver enzymes were performed for all patients whenever they visited the outpatient clinic, regardless of their symptoms or rituximab administration. In addition, HBV DNA in blood was measured every three to four months during induction and rituximab maintenance for patients who were positive for anti-HBc antibody.
Study objectives and analysis
The primary objective was to compare the PFS of patients who received R-CVP and rituximab maintenance with that of patients who received R-CHOP followed by rituximab maintenance. The secondary objectives included a comparison of the OS, frequency of HBV reactivation, and mortality in the two groups. HBV reactivation was defined as the occurrence of symptomatic hepatitis in a previous healthy HBV carrier who was positive for HBsAg with normal LFT before immunochemotherapy. In patients who were positive for anti-HBc without HBsAg, HBV reactivation was defined as an increase in HBV DNA in blood by ≥ 10 IU/mL or seroconversion to HBsAg positive [19] . In addition, we performed risk factor analysis for survival outcome to explore potential risk factors affecting the survival outcomes of R-CVP or R-CHOP followed by rituximab maintenance. We selected 139 patients who fulfilled the aforementioned criteria from our lymphoma registry between July 2005 and December 2017, after we excluded patients who failed to respond to induction chemotherapy. Because rituximab maintenance therapy has been reimbursed by health insurance in Korea since 2012, all but two of the included patients were diagnosed with FL between 2011 and 2017. All clinical and laboratory data were collected by review of medical records, and the Follicular Lymphoma International Prognostic Index (FLI-PI) comprising age ≥ 60 years, Ann Arbor stage III or IV, hemoglobin < 12 g/dL, elevated levels of serum lactate dehydrogenase (LDH), and ≥ 5 involved nodes was used as a prognostic model [20] . The most recent update of disease and survival status was done on April 30, 2018. The final response to R-CVP or R-CHOP induction chemotherapy was reassessed by the investigators according to the Lugano response criteria for NHL [21] . Thus, a score of 1 to 3 for lymph nodes or extralymphatic sites on a 5-point positron emission tomography (PET)-CT scale after the completion of R-CVP or R-CHOP was designated as a complete response whereas the presence of any lesion with a score of 4 or 5 with reduced uptake compared with the PET-CT findings at baseline was designated as a partial response. This study was approved by the Institutional Review Board of Samsung Medical Center, Seoul, Korea, and the requirement for informed consent was waived because of the retrospective nature of the study (No. 2017-02-021).
Statistical analysis
Differences in baseline characteristics between patients receiving R-CVP and R-CHOP induction chemotherapy were analyzed using a chi-square test. The Kaplan-Meier method was used for the univariate analysis of survival outcomes, and a log-rank test was used for comparisons. PFS was measured from the date of the first day of the first cycle of R-CVP or R-CHOP to the date of death from any cause or the date of disease progression or relapse. OS was measured from the same date as PFS to the date of death from any cause, and was censored at the date of the last follow-up visit. For the analysis of HBV reactivation, events were defined as the occurrence of HBV reactivation at any time until the last follow-up visit or death. Cumulative incidence was calculated by Kaplan-Meier analysis with patients censored on the day of death or last follow-up. Statistical associations were determined by the log-rank test. Two-sided p values < 0.05 were considered significant. All analyses were performed using SPSS version 23.0 (IBM SPSS Inc., Armonk, NY, USA).
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RESULTS
Patients
The median age at diagnosis of the 139 patients was 48 years (range, 26 to 76). Of these, 85 patients received R-CVP and 54 patients received R-CHOP as induction treatment at the physicians' discretion. The ages of patients receiving R-CVP and R-CHOP did not differ significantly (median, 47.5 years [range, 27 to 75] vs. median, 48.4 years [range, 26 to 76]). The comparison of baseline characteristics showed no difference between the two groups in terms of stage and FLIPI risk (p = 0.440 and p = 0.115, respectively) ( Table 1) . However, the proportion of patients with grade 3 disease was significantly higher in the R-CHOP group (17/54, 31%) than in the R-CVP group (10/85, 12%, p = 0.007) ( Table 1) . Furthermore, elevated serum LDH was more frequent in the R-CHOP group than in the R-CVP group (p = 0.024) ( Table 1) . The viral marker status for HBV did not differ between the groups; nine patients were positive for HBsAg and 56 patients were positive for anti-HBc (Table 1 ). An antiviral agent was prophylactically used for HBsAg-positive patients before commencement of the first cycle of R-CVP or R-CHOP chemotherapy (seven received entecavir, two received tenofovir). Patients continuously took the antiviral agent during and after rituximab maintenance. However, antiviral prophylaxis was not used in HBsAg-negative/anti-HBc-positive patients.
Treatment and survival outcomes
The median follow-up was 29 months (95% confidence interval, 23 to 45). Most patients received six cycles of R-CVP or R-CHOP and the complete response rate did not differ significantly between R-CHOP (50/54, 92.6%) and R-CVP (77/85, 90.6%) ( Table 2 ). More than half the patients in the R-CVP group completed 12 cycles of rituximab maintenance whereas 39% of patients in the R-CHOP group completed 12 cycles. The 3-year PFS and OS of all patients were 82% and 98%, respectively. The number of disease relapses during rituximab maintenance did not differ significantly between groups (p = 0.798) ( Table 2) . Therefore, the comparison of PFS showed no significant difference: the 3-year PFS rates for R-CVP and R-CHOP were 77% and 85%, respectively (p = 0.567) (Fig. 1A) . Of 17 patients who relapsed during or after rituximab maintenance, 11 relapsed within 24 The
months of diagnosis (R-CVP, n = 7; R-CHOP, n = 4) and six relapsed after more than 24 months (R-CVP, n = 4; R-CHOP, n = 2). Autologous stem cell transplantation after salvage chemotherapy was performed in five patients who relapsed within 24 months. Of these, only one patient (male/61-year-old, stage III) died because of disease progression. The other 16 patients were alive at the time of analysis after they received salvage chemotherapy or radiotherapy or participated in a clinical trial. There were two cases of nondisease-related mortality; thus, two patients died of pneumonia and sepsis. Because the number of patients who died was relatively small, the OS did not differ between the two groups: the 3-year OS rates for R-CVP and R-CHOP were 97% and 98%, respectively (p = 0.124) (Supplementary Fig. 1 ).
A complete response to R-CVP or R-CHOP before rituximab maintenance was significantly associated with less frequent occurrence of disease relapse (11/127, 8.7%) compared with a partial response (6/12, 50%). Thus, the PFS of patients with a complete response was significantly better than that of patients with a partial response (Fig. 1B) . However, this was not related to OS (Supplementary Fig. 1 ).
Risk factor analysis for PFS
Because only three patients died, the risk factor analysis was done in terms of PFS. Sex, FL grade, elevation of serum LDH, and involvement of bone marrow were not significantly associated with worse PFS (Table 3) . However, patients aged ≥ 60 years showed a significantly shorter PFS and OS than patients younger than 60 years ( Fig. 1C and Supplementary Fig. 1 ). PFS was significantly worse in the patients with high FLIPI risk (Fig.  1D) . However, the FLIPI risk was not associated with OS ( Supplementary Fig. 1 ). The subgroup comparison of PFS in patients treated with R-CVP or R-CHOP showed no significant difference between the groups for age ≥ 60 years, grade 3 disease, elevated LDH, or high FLIPI risk (Fig. 2 ).
Hepatitis B virus reactivation
There were five cases of HBV reactivation, all of which occurred in anti-HBc-positive patients. Three patients experienced HBV reactivation during or after rituximab maintenance therapy and two patients experienced HBV reactivation shortly after completing induction chemotherapy and before rituximab maintenance therapy (Table 4 ). All cases of HBV reactivation were identified during regular monitoring for HBV DNA in blood.
Patients did not show any symptoms of hepatitis, and their LFT values were normal, without conversion to HBsAg positive. These patients were able to continue to receive rituximab maintenance plus an antiviral agent after HBV reactivation was documented subsequent to induction chemotherapy. The clinical outcome of the treatment of HBV reactivation was successful in all cases, and all patients were alive in complete remission at the time of analysis.
DISCUSSION
This study analyzed the outcomes of FL patients who completed the planned cycles of induction chemother- apy with R-CVP or R-CHOP, and received rituximab monotherapy every 2 months as a maintenance treatment. Because of the nature of this cross-sectional study, some patients were receiving the rituximab maintenance therapy at the time of analysis. Thus, approximately half the patients had completed their planned number of maintenance therapy cycles [12] . Despite this, the complete response rate, frequency of relapse, and survival outcome of the two induction therapies did not differ significantly (Table 2 and Fig. 1) . However, these results should be interpreted carefully because it is possible that more patients with a high tumor burden or aggressive disease received R-CHOP rather than R-CVP, because physicians in general are concerned about the risk of treatment failure related to the use of the less-intensive treatment. Indeed, grade 3 disease and elevated serum LDH were more frequent in patients receiving R-CHOP, even though the other baseline characteristics did not differ significantly between the R-CVP and R-CHOP groups (Table 1) . Nevertheless, the subgroup analysis including the patients with elevated serum LDH and grade 3 of FL showed no difference between the two groups. Furthermore, the OS did not differ between the two groups ( Supplementary Fig. 1 ). Considering that this study included only patients who responded to induction treatment, because patients who were primarily refractory to R-CVP or R-CHOP were excluded from the analysis, these results could be interpreted as indicating that the survival outcomes of FL patients might not differ between R-CVP or R-CHOP provided they respond to the induction therapy, especially if they have a complete response.
Another concern about the treatment of FL patients is the benefit of rituximab maintenance. The proven benefit of rituximab maintenance is that it reduces the risk of relapse and delays the occurrence of relapse. Thus, the PRIMA study demonstrated a significant prolongation of PFS with rituximab maintenance therapy [22] , although it failed to show that the treatment improved OS. This might be associated with the clinical course of FL, because FL patients can live longer than those with other aggressive lymphomas, even after repeated relapses. In our study, only one patient died because of disease progression and two patients died because of infections. The extremely low rate of disease-related mortality in this study might be associated with the relatively short- er median follow-up compared with previous studies. Thus, longer follow-up is required to determine the long-term outcomes of these patients and the occurrence of disease-related mortality. However, in this study, two patients died from infections during rituximab maintenance. It is well known that rituximab-induced B-cell depletion can impair humoral immunity, and because these patients were over 65 years old, their infections may have been related to prolonged B-cell depletion resulting from rituximab maintenance therapy. Thus, rituximab maintenance should be used cautiously in older patients who might be more vulnerable to infection. This study also analyzed the association of HBV reactivation with rituximab maintenance in FL patients. There was no case of HBV reactivation in HBsAg-negative and anti-HBc-negative patients. Furthermore, the nine HBsAg-positive patients did not experience HBV reactivation because they received antiviral prophylaxis. However, five of the 56 anti-HBc-positive patients in our study experienced HBV reactivation. The presence of anti-HBc antibody can represent resolved HBV infection after prior exposure to HBV. Long-term depletion of B-cells, which occurs in rituximab maintenance, might increase the risk of HBV reactivation in anti-HBc-positive patients. Two of the cases of HBV reactivation were identified after the sixth cycle of R-CVP or R-CHOP whereas the other three occurred during rituximab maintenance. In this study, HBV reactivation was defined as conversion from undetectable to detectable serum levels of HBV DNA (≥ 10 IU/mL). Therefore, all the cases of HBV reactivation were asymptomatic and were identified during regular monitoring of HBV DNA in blood, and all were successfully managed by subsequent antiviral treatment (Table 4) . Thus, the regular monitoring of HBV DNA in blood could be a sufficient precaution for anti-HBc-positive FL patients who receive R-CVP or R-CHOP and rituximab maintenance. Although the number of patients with HBV reactivation was too small to allow a definite conclusion, four of the patients with HBV reactivation in our series were aged over 60 years (Table 4) . Older age is a known risk factor for HBV reactivation after immunosuppressive or cytotoxic chemotherapy in B-cell lymphoma [14, 23] . In a previous study including HBsAg-negative and anti-HBc-positive lymphoma patients receiving rituximab-containing chemotherapy without routine antiviral prophylaxis, patients aged over 70 years were reported to be particularly at risk for HBV reactivation [24] . Thus, older patients with FL should be carefully monitored using HBV DNA levels when on rituximab maintenance. The risk factor analysis for survival outcomes showed that age ≥ 60 years was also significantly associated with decreased OS and PFS. This was related to the more frequent occurrence of relapse as well as nondisease-related mortality in older patients. Accordingly, the FLIPI risk was also associated with poor PFS because it includes age ≥ 60 years as a risk factor. However, other parameters that have been traditionally considered unfavorable prognostic markers, including elevated serum LDH, disease stage, disease grade, and bone marrow involvement, were not related to survival outcomes in this study. Thus, age and FLIPI score should be considered the most important parameters when we plan to treat FL patients using rituximab-containing chemotherapy and rituximab maintenance.
In summary, our study showed that the survival outcomes of FL patients who received rituximab maintenance were similar once they had responded to R-CVP or R-CHOP. Furthermore, if HBV DNA titer in blood can be regularly monitored in anti-HBc-positive patients, rituximab-containing immunochemotherapy followed by rituximab maintenance can be safely used without resulting in serious HBV reactivation. However, there may be a risk of infection-related complications with rituximab-induced immune impairment, especially elderly patients. Thus, the probability of infectious complications should be considered in older, frail patients who might be vulnerable to infections.
KEY MESSAGE
1. Rituximab-containing immunochemotherapy followed by rituximab maintenance is an effective and safe treatment strategy for follicular lymphoma patients. 2. There is no significant difference in survival outcomes between R-CVP (rituximab, cyclophosphamide, vincristine, and prednisone) and R-CHOP (rituximab, cyclophosphamide, doxorubicin, vincristine, and prednisone) before rituximab maintenance.
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